. A satisfactory method of measuring the rate of flow is urgently required for the investigation of the common clinical problem of simple diarrhoea. The most welcome advance in this field, however, would be the development of techniques which do not require intubation, and a step has already been taken in this direction. An ingenious method has been described which depends on the use of a small radio transmitter contained in a pill which is easily swallowed and transmits information about pressure, temperature, and hydrogen ion concentration during its passage through the alimentary tract (Mackay and Jacobson, 1958 MATZKO, A. (1957) Gastroenterology, 32, 17. MOLLIN, D. L., BooTH, C. C., and BAKER, S. J. (1957) Brit. J. Haemat., 3, 412. REEMTSMA, K., MALM, J. R., and BARKER, H. G. (1957) Surgery, 42, 22. Ross, C. A. C., et. al. (1955) Lancet, i, 1087 . ROWLANDS, E. N. (1959) St. Mark's Hospital, London THE small intestine, excluding the duodenum, is about 20-25 feet long. The proximal twofifths is called the jejunum and the distal threefifths constitutes the ileum. It tends to become narrower throughout its course, but there are also microscopical. differences between the jejunum and ileum which will be referred to later.
In its general microscopic structure the small intestine consists of two muscle layers, an inner circular and an outer longitudinal, lined by a mucous membrane and covered externally by visceral peritoneum. The mucous membrane or mucosa is separated from the muscle layers or muscularis externa by a layer of loose connective tissue known as the submucosa. Likewise the peritoneum and muscularis externa are separated by the serosa, also composed of loose connective tissue. In the normal small intestine the mucosa and the peritoneum are freely mobile over the muscularis externa.
The small intestinal mucosa consists of an epithelial membrane and a supporting framework of fine connective tissue known as the lamina propria. These rest on the muscularis mucosm. The latter consists of smooth muscle fibres together with some elastic tissue. Some of the muscle fibres are longitudinal, others are circular.
The muscularis mucose is important in the maintenance of the normal mucosal pattern. The submucosa and serosa consist of loose connective tissue and elastic fibres containing the main blood and lymphatic supply to the intestinal wall. In particular, the submucosa contains numerous large veins. Meissner's plexus of post-ganglionic sympathetic nerves together with ganglia is found in the submucosa. Auerbach's plexus of ganglia and preganglionic parasympathetic nerves is found between the two layers of the muscularis externa. The visceral peritoneum covering the small intestine is composed of a thin layer of pavement epithelium supported by a layer of fibrous tissue which contains a well-developed elastic lamina (Fig. 1) . Hence the elasticity of the peritoneum.
The small intestine presents an enormous absorptive surface, not only because of its great length, but because the mucous membrane is thrown into crescentic circular folds or plicv circulares. These are most prominent in the upper jejunum (Fig. 2) intestine. There seems to be ng difference in their frequency in the jejunum and ileum.
The granules in Kulchitsky cells and carcinoid tumours may be stained brick red by a diazo dye, the Brentamine fast Red B Salt. They are also strongly eosinophilic in hmmatoxylin and eosin preparations and have the property of reducing ammoniacal silver to metallic silver-in other words they are argentaffin. Hence the term argentaffinoma.
It has been noticed that there is hypertrophy of smooth muscle in the neighbourhood of carcinoid tumours and the suggestion has been made that this is due to the local effect of 5-hydroxytryptamine secretion. However, it is my experience that local hypertrophy of smooth muscle is common in the neighbourhood of diseased intestine, including carcinoma and endometriosis. It is probable that this is a work hypertrophy following interruption of the normal muscular contractions of the intestine by diseased tissue. More evidence must be obtained before the theory can be accepted that the hypertrophy of muscle in the neighbourhood of carcinoid tumours is due to the local action of serotonin.
We know something of the histology and function of the Kulchitsky cell. The other special cell found at the base of the crypts of Lieberkilhn remains a complete mystery. This is the Paneth cell.
The Paneth cell (Fig. 4) technique has been described by Kerr and Lendrum (1936) in which the granules are stained blue-black by phosphotungstic acid hmmatoxylin. The supranuclear position of the Paneth cell granules suggests that they are extruded into the lumen of the crypts of Lieberkuihn. However, free granules are not seen in the lumen, although a close study of the periphery of the cell strongly suggests that they are excreted in this direction.
The chemical nature and function of Paneth cell granules is not known. There is no sound evidence for the theory that they are precursors of goblet cells. An increase or decrease in their number and position has not been described in any disease; and unlike the neighbouringKulchitsky cells, tumours of Paneth cells haver never been reported. Our ignorance of thisS common cell is profound, and is a challenge to future research.
Nodules of lymphoid tissue are present in they lamina propria throughout the small intestine. The smaller are entirely confined to the lamina propria, but larger ones bulge through themuscularis mucosm into the submucosa. These small nodules are found with greatest frequency in the lower ileum. In addition, the lower ileum contains considerably larger nodules of lymphoid tissue in the mucosa known as Peyer's patches.
Lymphoid tissue plays an important part in the pathogenesis of diseases of the small intestine. It provides a focus of infection for a number of inflammatory conditions. Typhoid and tuberculosis are well-known examples of this-the ulcers being found with greater frequency in the lower ileum where there is most lymphoid tissue. Likewise, the ileocecal type of intussusception in infants is possibly due to hyperplasia of the lymphoid tissue in the terminal ileum. There is evidence, too, that Crohn's disease begins in the lymphoid tissue of the small intestine. In the first place Crohn's disease is most common in the terminal ileum. Secondly, the histological appearances are those of a disease of lymphatic tissue. The three main histological features in Crohn's disease are: overgrowth of lymphoid tissue with a characteristic distribution in the submucosa; the formation of fissures which appear to begin in the lymphatic nodules of the mucosa and gradually extend through the intestinal wall; and last, the presence of non-caseating giant cell systems in at least 60% of cases. These resemble the giant cell systems of sarcoid rather than tuberculosis.
It is well known that ectopic epithelium of gastric or pancreatic type may be found in the intestine, particularly within a Meckel's diverticulum. In my experience epithelium of the type found in the pyloric glands of the stomach is not infrequently present in pathological material from the ileum (Fig. 5) . Whether this is due to metaplasia or is a congenital abnormality is not clear, although the latter seems the more likely.
It has been stated that the polyps in small intestinal polyposis or the Peutz-Jeghers syndrome may show histological evidence of malignant change, although there has been no report of a patient with this disease dying from primary small intestinal carcinoma. A recent report from the Mayo Clinic (Bartholomew et al., 1957) suggests that these polyps are not neoplasms in the generally accepted sense of the word, but are more in the nature of a congenital abnormality or hamartoma. The histological evidence for FRo. 5.-Small intestinal mucosa showing chronic inflammatory changes and tubules of pyloric type on the right of the photograph. H. and E. x 105. this is that the polyps are not composed of one predominant type of proJiferating cell. On the contrary all the epithelial cells of the intestinal mucosa, including the simple columnar cells, the goblet cells, and the Paneth cells are represented in the same relationship to one another as they are in the normal mucosa. Furthermore, the stroma consists of bands of smooth muscle fibres, which are related to the epithelial elements of the polyp in the same way as to the normal mucous membrane. If the polyp of the Peutz-Jeghers syndrome is not a neoplasm, but a hamartoma, then it follows that it is not a pre-cancerous condition.
In the wall of the small intestine there is found another cell in which there has recently been a revival of interest. This is the mast cell (Fig. 6) , originally described by Ehrlich in 1877. It is a wandering, connective tissue cell filled with granules which stain purple with toluidine blue. These cells have a characteristic distribution in the wall of the small intestine. Most of them are found among the loose connective tissue of the submucosa and serosa in close relationship to the blood vessels. A few may be found in the deeper parts of the lamina propria, close to the muscularis mucose, but they are absent from the rest of the mucous membrane. The inner or circular part of the muscularis externa normally contains very few mast cells, but a fair number can usually be found among the fibres of the longitudinal muscle.
It is believed that mast cells secrete heparin (Jorpes, 1946) . More recently Riley (1953) and Riley and West (1953, 1955) content. The injection of histamine causes contraction of smooth muscle and it is tempting to suggest that these cells may be concerned with intestinal motility.
In this paper I have attempted to give an account of the microscopic structure of the normal small intestine together with some remarks on how these appearances may be affected by disease. The large gaps in our knowledge are partly due to the relative inaccessibility of the small intestine to clinical investigation and partly to the fact that pathologists have in the past only had postmortem material available for study. This is notorious for giving erroneous histological impressions as autolysis of the mucosa occurs very rapidly after death. However, the increasing amount of surgical material available together with the introduction of small intestinal biopsy leads one to hope that the large gaps in our knowledge of small intestinal pathology may be narrowed in future years. devised for this purpose (Fig. 1) is a modification of Wood's gastric biopsy tube (Wood et al., 1949) and operates on a similar principle, whereby a knuckle of mucosa is sucked into the aperture at the head-end of the instrument to be cut off by a cylindrical knife within the headpiece which is operated at the tail-end of the instrument. Progress of the headpiece is followed fluoroscopically and biopsy specimens are taken either from the duodenum or upper 12 inches (30 cm.) of jejunum. A recent modification of the headpiece (Fig. 2) by shortening the vertical and horizontal dimensions, together with a longer and more flexible tube, will enable us to biopsy more distal parts of the small intestine. The method thus described can be used as an out-patient procedure, and takes from half to three hours to accomplish. No special preparation of the patient is necessary other than fasting for at least three hours prior to intubation. In special gastroenterological clinics it may be used routinely. Complications so far encountered consisted of melxna of only moderate amount, not requiring blood transfusion, in 3 of the 193 patients biopsied.
Several mucosal specimens are obtained from the small intestine and gastric mucosa can be biopsied at the same time. These specimens vary from 3-10 mm. in length and include full FIG. 2. Jejunal biopsy tube-modified headpiece.
